Collinear flankers increase the reports of the target present, an effect attributed to excitatory activation induced by the flankers on the target location, which consequently induces the filling-in effect (Polat & Sagi, 2007) . Repetitive transcranial magnetic stimulation (rTMS) is a powerful tool for non-invasive investigation of neural processing in the human brain. We explored how rTMS over the left dorsolateral prefrontal cortex (LDLPFC) affects filling-in perception in normal controls. Active and Sham rTMS were used over the DLPFC (90% of the subjects' motor threshold (MT)) using 10-Hz pulses for 5-and 20-s intertrain intervals. We used the filling-in paradigm to probe hit rates (pHit) and false-positive reports (false alarm, pFA). We found that the changes in the filling-in effect (pHit, pFA) were not significantly different between the groups. However, the reaction time (RT) was significantly reduced in the rTMS group but not in the Sham group. Our results suggest that neural processing in this area is not critical in the processing of the filling-in effect, probably because this process is mediated by lower-level visual processing.
Introduction
It has been shown that the visibility of a local target (Gabor patch [GP] , Fig. 1 ) improves when it is presented between two collinear flankers, mainly with small target-mask spatial separations (Adini & Sagi, 2001; Adini, Sagi, & Tsodyks, 1997; Bonneh & Sagi, 1998; Polat, 2009a Polat, , 2009b Polat & Sagi, 1993 , 1994a , 1994b Solomon & Morgan, 2000; Woods, Nugent, & Peli, 2002) . It was suggested that collinear flankers produce neuronal activity, via lateral interactions, at locations corresponding to the target even if the target is not directly activated by feedforward input (Dresp & Bonnet, 1993; Polat & Sagi, 2007; Ramachandran et al., 1994) . Thus, the target location is thought to be ''filled-in'' by lateral excitation from flankers (Polat, 1999; Polat & Sagi, 1993 Zomet et al., 2008) . Filling-in is used to describe situations in which subjects report that something is present in a particular region of visual space, but it is actually absent from that region (Pessoa, Thompson, & Noe, 1998) . The filling-in effect indicates that an active excitatory process takes place. It provides one with the ability to interpolate sensory attributes in the presence of incomplete information by using spatial and temporal contexts (Polat & Sagi, 2007) .
Lateral interactions may be processed in the early visual cortex; they may depend on attention to the context (Freeman, Sagi, & Driver, 2001 ) and may be influenced or directed by top-down processing (Loffler, 2008) . It was also suggested that filling-in is either a low-level process (Dresp & Bonnet, 1993; Polat & Sagi, 2007; Ramachandran et al., 1994) or a top-down process (Pessoa, Thompson, & Noe, 1998) . Thus, both processes may be related and mediated by the same mechanisms, or they may be independent of each other and each process may be mediated by different mechanisms at different levels.
Visual plasticity is associated with the ability of the visual system to change its responses in order to adapt to changes in the visual input. Adaptation is a widespread phenomenon in the visual system, and it occurs on multiple time scales (Yehezkel et al., 2010) , according to the type of change involved: the activity-dependent refinement of cortical maps (weeks), perceptual learning (minutes and days), or contrast adaptation (seconds). Perceptual learning greatly influences our understanding of the plasticity of the visual system. Perceptual learning is defined as a change in performance, usually an improvement, as a result of repeating tasks. When a person is asked to perform a visual task, it is often improved with practice, even when very simple tasks are performed. Perceptual learning can be rapid, within minutes, due to cognitive adjustment to the task, or it can last days, requiring neural consolidation (Ahissar & Hochstein, 2004; Karni & Sagi, 1993 ; for further reading, see Fahle, 2002 Fahle, , 2005 Fahle & Poggio, 2002; Polat, 2009a Polat, , 2009b Polat & Sagi, 1994b; Sagi & Tanne, 1994) .
Perceptual decision-making involves choosing one option from a set of alternatives, based on the available sensory evidence. Thus, perceptual decision-making is a dynamic process that involves accumulating the current sensory input (visual task) and comparing it with the internal representation in order to determine decision criteria. It is well established that observers can adjust their decision-making criteria in accordance with the sensory input (Gorea & Sagi, 2000; Green & Swets, 1966) . In the filling-in process, the observer typically reports that the target is present, whereas, in fact, it is absent, resulting in an increased rate of false-alarm (pFA) responses (Polat & Sagi, 2007) . Thus, the process of adjustment requires changing the decision criteria to minimize the high report rate of false alarms. Hence, the process of adjusting the decisionmaking criteria may be viewed as a process of rapid learning.
It was shown that the filling-in effect is correlated with the strength of the collinear facilitation (Polat & Sagi, 2007) . Fillingin is an effect that is thought to result from collinear facilitation. Interestingly, patients with depression exhibited no filling-in effect, suggesting impaired collinear facilitation (Zomet et al., 2008) . However, the plasticity process may be impaired in depression as well (Duman, 2002) . Thus, in depression, it remains unclear whether the missing filling-in effect is due to absent lateral facilitation at low-level neural processing or to the known deficiencies at the cognitive function level (Zomet et al., 2008) .
Taken together, it is well known that processing at high cognitive levels is impaired in depression, and that this may affect the filling-in process for several reasons: (a) if the effect of collinear facilitation is induced by higher levels, (b) if the filling-in effect is processed at a higher level, or (c) if the decision criterion depends on normal memory and plasticity. Thus, it is interesting to determine how rTMS at higher levels of neural processing (DLPFC) will affect the performance of the filling-in task.
Repetitive transcranial magnetic stimulation (rTMS) is a wellestablished tool for non-invasively investigating the human brain. Magnetic stimulation is also used for treating depression (Gershon, Dannon, & Grunhaus, 2003; Hoogendam, Ramakers, & Di Lazzaro, 2010) and possibly for treating amblyopia (Thompson et al., 2008) . TMS pulses lead to neuronal depolarization, and researchers can thus alter cortical processes in the stimulated region with high temporal and regional precision (George, Lisanby, & Sackeim, 1999) . rTMS with different stimulation parameters can have opposing effects. For example, over the motor cortex, a 1-Hz series of pulses decrease cortical excitability (Chen et al., 1997) , whereas 10-Hz stimulation increases it (Pascual-Leone, Gates, & Dhuna, 1991) .
The dorsolateral prefrontal cortex (DLPFC), including area 46 (Petrides & Pandya, 1999) , is thought to be critical for many higher-order and supervisory aspects of cognitive function. These have been described in terms of working memory (Goldman-Rakic, 1996) , for monitoring stimuli in memory (Petrides, 1995; Petrides & Pandya, 2002) , attentional selection (Rowe & Passingham, 2001) , flexible decision making (Heekeren et al., 2006; Seo, Barraclough, & Lee, 2007) , and temporal organization of behavior (Fuster, 1990 (Fuster, , 1991 . DLPFC is also involved in decision-making , which suggests that a transient change in DLPFC excitability could impair decision making in our task as well.
This study was designed to assess the immediate effects of left DLPFC rTMS stimulation on the visual perception functions of healthy subjects. We hypothesized that if the DLPFC is involved in the filling-in task (Polat & Sagi, 2007; Zomet et al., 2008) , then we will detect changes in performance on this task immediately after administering rTMS. Therefore, it is reasonable to assume that if this task is mediated by the LDLPFC, then increasing the excitability after rTMS should result in an enhanced filling-in effect. Another aspect that we wanted to examine is whether transient modulation of excitability may affect the observer's ability to adjust the decision criteria in accordance with the sensory input. If the filling-in task was not affected, it may indicate that the changes occur at a different level, not involving the DLPFC, possibly at the lower levels of visual processing.
Methods and materials

Participants and procedures
The study was randomized, placebo-controlled, and doubleblinded; there was a 50% chance of subjects participating in one of the two study groups: either the experimental group or the control group. Twenty adults participated in this study: 10 served as the experimental group, who underwent a real rTMS, and 10 others served as the control group, who underwent a placebo rTMS (sham TMS). The subjects participating in the study were healthy, did not take any medication, and did not smoke. Table 1 presents demographic and clinical details.
First, the subjects were interviewed by phone and were asked for their demographical and clinical (general and visual health) information. Details about the study were given to the subject during the phone interview, and if the subjects were found fit for the study, they were invited to participate in it.
Prior to the psychophysical task, the subjects gave written informed consent to participate in the study, which was approved by the Human Research Committee (IRB) at Sheba Medical Center. The subjects then underwent a visual acuity test to confirm that they had corrected-to-normal vision (6/6). Next, they were evaluated using the Hamilton Depression Rating Scale (HDRS) (Hamil- The data represent the mean (average, SD) compared with the paired t-test. The level of significant was p < 0.05. HDRS = Hamilton Depression Rating Scale.
ton, 1960), which is a subjective diagnostic test for assessing major depression disorder (MDD); it assesses the subject's depressive state, according to DSM-IV. Thereafter, the subjects' performance was measured using the psychophysical task prior to taking the rTMS, to serve as a baseline, and within 15 min after completing the rTMS, for a comparison. The subjects received payment for participating in the study.
Stimuli and procedures
Psychophysics
The stimuli in the test consisted of Gabor patches ( Fig. 1 ; localized gray-level gratings) with a spatial frequency of 6 cycles per degree, modulated from a background luminance of 40 cd/m 2 .
Stimuli were presented on a Viewsonic (Walnut, California) E70 color monitor, using a PC system. The effective size of the monitor screen was 24 Â 32 cm. The stimuli were presented at a viewing distance of 150 cm, subtending a visual angle of 9.2°Â 12.2°. Observers' responses were recorded in a dark cubicle, where the only ambient light came from the display screen.
The task was similar to that used previously (Polat & Sagi, 2007; Zomet et al., 2008) . The visibility of the target was matched for all observers according to their thresholds. The contrast threshold of each subject was estimated using an adaptive (staircase) method. This contrast level was then used for testing. The two groups did not differ significantly (p = .168) regarding contrast threshold. The mean contrast threshold of the control group was 3.7%, and that of the experimental group was 4.3%. To complete the task, the observers had to detect a target that was randomly presented in 50% of the trials. The target was shown between two lateral collinear flankers (also the Gabor target, see Fig. 1 ) in target-flanker separations of 3, 6, and 12 wavelengths (k). The observers reported whether the target was present (Yes) or absent (No) by pressing the left and right mouse keys, respectively (Fig. 1) . The stimuli were presented randomly and all distances were mixed (mixed by trials). In each session, 50 trials for each target-flanker separation were presented, with a total of 150 trials per session.
A visible fixation circle indicated the location of the target. Participants activated the presentation of the trials at their own pace. Stimuli were presented to both eyes for 100 ms. Auditory feedback was given for wrong answers after each presentation. The false alarms (pFA), Misses, Hits (pHit), and correct rejections were recorded and analyzed, yielding the sensitivity (d 0 ) and the criterion (Cr) measures.
rTMS procedure
rTMS was administered over the left DLPFC using a double 70-mm coil (Magstim Ltd., Whitland, Camarthenshire, UK). The resting motor threshold (RMT) was determined by stimulating the motor strip and examining the right abductor pollicis brevis muscle. The stimulation site was determined by moving the coil 5 cm anterior to the motor threshold location along a left superior oblique plane, as described previously . Each stimulation train consisted of 50 pulses at 10 Hz, using 90% RMT. Twenty trains were given with an intertrain interval of 20 s. Sham treatment was identical to the real treatment, with the exception that mu-metal plates attached to the coil blocked the magnetic field from reaching the skull. A previous work showed that the magnetic field induced in the brain using this technique is negligible . Nevertheless, the stimulation sound was similar. The motor threshold with the sham set-up was measured using the opposite side of the same coil, unblocked by the mu-metal plates. A second and blind researcher measured the performance of the psychophysical task prior to initiating rTMS and within 15 min after completing it.
Data analysis
The equality of variance was assessed by Levene tests. For analysis of the demographic data, a clinical rating scale (Table 1) and psychophysical data t-tests were used. A mixed ANOVA with between-subjects factors of time (pre vs. post-rTMS vs. Sham TMS), as well as within-subjects factors of time and target separation (pre vs. post 3k vs. 6k vs. 12k), was administered for each measure separately (Cr, pFA, pHit, DP (d 0 ) and RT). The significant main effects were followed by t-test comparisons. A two-sample, equalvariance t-test was performed to compare the two groups, and to compare the results with a paired t-test in order to reveal any differences between the two measurements (pre and post TMS/Sham) within the same group. The level of significance was set at p < 0.05 and multiple comparisons were not corrected. Table 1 presents data from the 20 subjects who participated in this study: 10 were in the experimental group (real TMS), and 10 were in the control group (Sham TMS). In general, nearly all patients tolerated the treatment very well. However, some patients reported a mild headache, which improved after rTMS was terminated. Three participants complained about a mild-to-moderate headache that lasted for a few hours after beginning rTMS, which was resolved without any treatment.
Results
Clinical and demographical data
Psychophysics
We investigated whether left DLPFC rTMS stimulation affects perception regarding the filling-in effect in healthy subjects. More specifically, we evaluated false-positive reports (false alarm, pFA), hit rates (pHit), decision criterion (Cr), and sensitivity (d 0 ). The results were similar to previous studies using control groups (Polat & Sagi, 2007; Zomet et al., 2008) . Table 2 presents the differences in the psychophysical parameters before and after rTMS and Sham TMS were administered. A mixed ANOVA with between-subjects factors of time (pre vs. post; rTMS vs. Sham TMS), within-subjects factors of time and target separation (3k vs. 6k vs. 12k) and for each measure separately (Cr, pFA, pHit, DP and RT) was administered. The rTMS and Sham groups did not differ significantly regarding the filling-in task for each of the parameters. The baseline parameters of the rTMS and Sham groups were not significantly different. Similarly, after rTMS was administered, the filling-in parameters of the two groups did not differ significantly, indicating that rTMS did not significantly change the filling-in effect.
Significant main effects were followed by t-test. Whereas Cr, pFA, and DP were not significantly different between the rTMS and Sham TMS groups, RT was significantly reduced only in the rTMS group (À50.07 ± 212.64 vs. À13.15 ± 107.75; t = À3.13, p = 0.04). Within the subjects' effects, the target-flanker separation (k) induced a significant effect. The filling-in effect is significant when compared between 3k and 12k (t-test). Table 3 shows that the differences between 3k and 12k, which indicates the extent of the filling-in phenomenon, is significant; Cr 3k vs. 12k is significantly different, showing the effect of filling-in. Fig. 2a-b shows that there was a small and similar tendency in both groups for a lower criterion (Cr) and higher hit rates (pHit) as well as false alarm rates (pFA) in the post-rTMS/Sham test (Fig. 2a-b) . When tested for the second time, both groups tended to have a lower criterion in the filling-in task (Real, p = 0.02, and Sham, p = 0.037), higher hit rates (Real, p = 0.02, and Sham, p = 0.01), and higher false alarm rates (Real, p = 0.08, and Sham, p = 0.14).
Taken together, the results show that the collinear lateral interactions impose a pattern of results that affect the decision process, which is dependent on and is influenced by target-flanker separations. Transient modulation of excitability induced by rTMS in the experimental group regarding LDLPFC did not affect the performance. This resulted in similar results for both groups in the post-rTMS/Sham measurement, except for reduced RT in the rTMS group after administering the rTMS. Thus, if the filling-in task had no effect, it may indicate that the changes occur at a different level not involving the DLPFC, possibly at lower levels of visual processing.
Discussion
This study was designed to assess the immediate effects of left DLPFC rTMS stimulation on the visual perception functions of healthy subjects. The results indicate that there were no significant differences between healthy volunteers who were treated with rTMS or Sham TMS regarding making decisions about the visual targets; however, there were significant differences in the RT after the rTMS was administered.
In a previous study by our group (Zomet et al., 2008) , we used the same paradigm in patients with Major Depressive Disorder (MDD) and with normal controls. Our results indicated that patients with MDD had a deficit in the filling-in process. It is well known that patients with MDD exhibit impaired activity of the DLPFC, as demonstrated in several studies (Dolan et al., 1993; Drevets, 2000; Little et al., 2000) .
In the current study, we hypothesized that if the DLPFC is involved in the filling-in task, then high frequency rTMS will affect the performance on this task. Therefore, it is reasonable to assume that if this task is mediated by the LDLPFC, then increasing the excitability after initiating rTMS should result in an enhanced filling-in effect. However, in comparing the real rTMS and the Sham groups regarding the filling-in effect, no differences were observed. Some possible explanations are that rTMS failed to induce the expected effect or that the DLPFC is not involved in the filling-in process. The reduced RT in the rTMS group indicates that rTMS induced a facilitating effect on the DLPFC, regarding decision making (RT), but that it had no effect on the filling-in effect specifically. Our results strengthen the hypothesis that the filling-in task is not processed in the DLPFC. Another issue that we wanted to address is whether transient modulation of excitability may affect short-term memory and plasticity.
We also found that changes in the rTMS group's performance in the post-rTMS measurement were the same as those in the Sham group, indicating that short-term memory and plasticity were not affected by rTMS regarding the DLPFC. As described in the Introduction, this change might reflect the effect of rapid learning due to practice in the pre-test (Karni & Sagi, 1993; Sagi & Tanne, 1994) , and/or from adjusting the decision criteria to the task. However, it is possible that rTMS did induce a neural change, as shown in amblyopia (Thompson et al., 2008) , but instead, this effect was masked by the rapid learning effect. A previous study showed that the improvement after training was correlated with the severity of amblyopia (Polat, 2008) . This is consistent with the study of Thompson et al. (2008) , showing that the effect of plasticity increases with the increasing severity of amblyopia, whereas a low level of amblyopia results in a very small effect. Therefore, it is reasonable to assume that the effect of plasticity, if any, which was induced by rTMS in our study, is very small in subjects with normal vision, and therefore is not appreciable relative to the larger effect of rapid learning found in both groups. It is also possible that the changes occur at a different level than found with the DLPFC function, possibly at lower levels of visual processing.
In this study we used stimulation parameters of 90% MT and 10 Hz. This might indicate that these parameters were insufficient to affect the filling-in by the DLPFC function. However, the reduced RT in the rTMS group indicates that the rTMS parameters were effective in modifying behavior. Our results are consistent with those of Preston et al. (2009) , who observed that 10 Hz rTMS over the DLPFC reduced RT without affecting the accuracy using the Sterenberg paradigm (Preston et al., 2009) .
Furthermore, in studies using similar parameters, transient modulation of excitability was successfully induced and disturbances in the tasks that were measured were observed (Little et al., 2000; Wagner et al., 2006) . Wagner et al. (2006) showed that rTMS over the DLPFC interferes with a divided attention task requiring simultaneous monitoring of visual and auditory stimuli. This task was previously shown to activate the DLPFC function. In their trial, they found significantly retarded visual reaction times after rTMS was administered, compared with Sham TMS. Thus, the A mixed ANOVA with between-subjects factors of time (pre vs. post-rTMS or Sham TMS), and within-subjects factors of time and target separation (3k vs. 6k vs. 12k) and for each measure separately (Cr, pFA, pHit, DP, and RT). Significant main effects were followed by t-test. The within-subjects effect, time Ã TMS for RT, showed a significant improvement of RT after administering rTMS vs. Sham TMS (t = À3.13, p = 0.04). * Denotes a significant effect. possibility that the stimulation was insufficient to affect the DLPFC processing seems to be less likely. The function of this area was assessed in a time frame of within 15 min after rTMS was administered. The exact mechanisms by which rTMS affects stimulated regions of the cortex are currently unclear; however, evidence suggests that the excitability of the region remains altered for a period of time after the offset of the stimulation, with low stimulation frequencies (1 Hz) decreasing excitability, and higher frequencies increasing excitability (Fitzgerald, Fountain, & Daskalakis, 2006) . If this area involves the decision-making procedure concerning the filling-in process, then it is expected that the performance of healthy volunteers who were treated with rTMS would be altered, compared with that of the Sham TMS group after administering rTMS. Since we used the value of 10 Hz, then the expected effect is increased excitability. Since the effect of filling-in is increased with increased facilitation (Polat & Sagi, 2007) , it is expected that the participants would have increased reports of the target present. Normally, this effect is paralleled with a high hit rate (pHit) and an increased number of false alarms (pFA). However, this effect was not found, suggesting that the increased excitability in the DLPFC, if induced, affects the RT but was irrelevant for the filling-in task. Our results might imply that DLPFC is involved neither in the visual decision-making process nor in short-term memory and plasticity, as required in the filling-in task. An open question is what areas of the brain are involved in this process. Further investigation is needed in order to address this and other issues. 
